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INVESTIGATIONS  ON  ST^HLCCOCCAL  HYALUSONIOASZ 


INVXSTIGATIOHS  ON  ST/u*iU)C03GAL  HYAIUHQNIDASI 


III  -  The  Xffect  of  several  ".milieu  factors"  on  Hyaluronldase  Pormation 
of  Staph,  aureus  in  vitro 


(following  la  the  tranalation  of  an  article  by  Joachim  Schmidt, 
Institute  of  He&leal  Microbiology  &  Kpidemology  of  Xarl-Marx- 
Unir. •  Leipis,  published  in  the  German-language  periodical, 
Sent,  Baht.  ly4  (1964)  pages  59-72.  Tranalation  performed 
by  Constance  L.  lust.) 


After  determining  experimental  conditions  at  which  optimal  Staphyloccal 
hyaluronidaae  formation  occurred  (II  paper  in  seriea).  several  other  factors 
that  influenced  the  enzyme  synthesis  were  studied.  This  concerned  the  effects 
of  growth  factors,  antibiotics  and  bacteriophages  in  order  to  eventually 
ehow  Increased  hyaluronldase  in  the  presence  of  hyaluronic  acid,  also  inter¬ 
relationships  of  snsyns  formation  in  mixed  cultures. 

1. 

The  importance  of  several  growth  factors  like  thiamin  (vitamin  Bp) , 
nicotinamide,  biotin,  riboflavin  (B^).  pyridoxin  (Bg)  and  othere,  for  the 
growth  of  Staph,  aureus  has  been  the  subject  of  several  publications  (Re¬ 
view  by  Bisk  1959)*  However,  obviously  trials  are  lacking  about  the  in¬ 
fluence  of  those  compounds  that  exert  an  effect  on  hyaluronldase  formation. 

Ve  used  the  synthetic  medium  of  Gladstone  (1937),  which  contains  the  amino 
acids  cystine,  leucine,  valine,  proline,  glycine,  asparagine,  phenylalanine 
and  arginine.  These  were  present  in  a  concentration  of  30  mg  j*  and  were 
dissolved  in  a  buffered  salt  solution  containing  l£  glucose.  (Also  see 
article  II).  The  growth  factors,  biotin,  thiamin,  and  nicotinamide  were 
added,  to  give  the  following  combinations.  Medium  #1-Basal  medium;  fZ- 
basal  plus  biotin;  #3-basal  plus  nicotinic  acid;  #4-basal  plus  thiamine; 
V5-basal  plus  nicotinic  acid  and  thiamin;  r6-basal  plus  biotin  and  thiqmin; 

♦7 -basal  plus  biotin  and  nicotinic  acid;  #b-basal  plus  biotin,  nicotinic 
acid  and  thinmin;  #9-difco  bouillon.  The  concentration  of  the  vitamins  was 
1  microgram  per  ml.  It  is  known  from  Knight  (1937)  that  quantities  of  0,2 
ug  per  ml.  of  thiamin  allow  good  growth.  Biotin  at  0,001  ug/ml  is  adequate 
(Porter  and  Peleser  1940).  High  concentrations  of  nicotin-amlde  are  inhibiting, 
Kbeer  and  Kasai  (1947)  found  no  effect  at  1000  ug/al,  at  3000-5000  ug/ml 
growth  was  shown,  while  at  10,000  ug/ml  sometimes  a  severe  inhibition  was 
observed. 

Staph,  strain  Ml 8  from  a  blood  agar  plate  was  grown  for  20  hours  at 
37°C  in  difeo  bouillon,  centrifuged,  and  the  sediment  was  washed  three  times 
with  physiological  saline.  After  making  a  definite Alution  (turbidity  of 
2000)  the  individual  media  were  inoculated  and  incubated  at  37°*  After  24 
and  48  hours  samples  were  taken  for  hyaluronldase  and  turbidity  determinations. 
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The  results  are  presented  In  table  1.  With  media*  #1  only  a  minimal 
formation  of  hyaluronidaae  was  noted.  Growth  was  also  somewhat  diminished 
compared  to  the  control  (bouillon),  addition  of  one  of  the  vitamins,  above 
all  nicotinamide  (#3),  resulted  in  greater  growth  and  greater  enzyme  forma¬ 
tion.  The  effect  on  growth,  of  biotin  and  thiamin,  was  less  pronounced. 
Nicotinic  acid  plus  thiamin  (#3)  were  best  in  combination.  If  all  three 
growth  factors  were  added  (#6)  growth  and  enzyme-formation  were  increased 
further,  but  the  values  were  still  less  than  those  obtained  with  dif co¬ 
bouillon.  (A  decrease  of 'dscosity  of  62. 8#  after  24  hours  to  73.70  after 
48  hours  were  determined)  The  differences  in  enzyme  synthesis  between 
medium  3,5,6  compared  to  #1  were  larger  than  the  range  of  the  individual 
determinations. 

If  the  values  obtained  for  enzyme  activity  are  compared  to  turbidity  of 
#1,  the  differences  are  less  than  if  one  merely  looks  at  the  absolute  fay- 
aluronidase  values.  Apparently  the  enzyme  values  were  somewhat  greater  with 
medium  5  (nicotinic  acid  plus  thiamin)  and  8  (all  three  vitamins)  than  those 
obtained  with  medium  number  1  (no  vitamins).  The  increased  enzyme  formation 
‘under  the  effect  of  vitamins  is  probably  not  a  direct  stimulatory  effect, 
but  is  probably  rather  a  result  of  Increased  growth.  However,  :  hyaluronldaee 
increased  more  sharply  during  log-phase  growth  than  the  Increased  growth 
would  lead  one  to  expect.  Therefore,  these  larger  differences  could  be 
explained  in  this  way. 
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The  Influence  of  antibiotic  substances  on  the  ability  to  make  hyaluronldaee 
in  Staph,  has  not  been  reported.  It  has  been  reported  that  antibiotics  usually 
inhibited  the  formations  of  other  bacterial  enzymes  or  even  toxins, 

Massart  (1947)  and  Xrampitz  and  Werner  (194/)  found  an  inhibition  of 
ribonuclease  in  Staph,  aureus.  Dufrenoy  or.d  Pratt  (1948)  found  a  definite 
inhibition  of  alkaline  phosphatase  with  low  doses  of  penicillin,  but  not 
with  high  concentrations  (100  XE/ml).  Oilltaen  and  Buda  (193d)  could  not 
confirm  these  findings.  Neither  in  greater,  nor  in  lower  than  bacteriostatic 
concentrations  was  alkaline  phosphatase  diminished  An  the  presence  of  peni¬ 
cillin  or  neomycin.  Also  penicillin  had  no  effect  on  acid  phosphatase,  al¬ 
though  neomycin  in  greater  than  bacteriostatic  concentration  did  exhibit 
some  inhibitory  effect.  Schuler  (I944)  did  not  observe  any  effect  on  the 
enzymes  which  regulate  carbohydrate  metabolism.  Noniece  (1956)  investigated 
the  effect  of  antibiotics  on  coo^ivlase  formation  in  resistant  strains  of 
Staph,  aureus.  They  measured  the  time  required  to  coagulate  plasma  in  the 
presence  of  erythromycin, tetracyclin,  chloramphenicol,  streptomycin  and 
penicillin.  Erythromycin  was  inhibitory,  while  tetracyclin  and  chloramphenicol 
did  not.  Streptomycin  was  slightly  inhibitory  at  high,  concentration,  and 
penicillin  was  not  at  all.  Hinton  and  Orr  (I960)  reported  that  chloramphenicol, 
tetracyclin  and  oleandomycin  in  low  concentrations  Inhibit  alpha-hemolysis 
formation  proportional  to  Inhibition  of  growth.  Streptomycin  and  bacitracin 
had  a  greater  effect  on  inhibiting  nl] ha-hemolysis  formation  than  on  growth. 
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Bosendal  and  Faber  (1955)  and  Faber  and  Roeendal  (1954)  have  done  studies 
about  hyaluronidase  in  Staph.  Thny  found  that  in  a  strain  of  serological 
group  A  (Hype  24)  the  affect  of  penicillin  was  to  inhibit  hyaluronidase  foraation 
in  the  cell  as  wall  as  its  release  from  the  bacterihlccell.  They  showed  that 
a  greater  production  of  hyaluronic  acid  had  occurred.  The  inhibitory  offset 
of  penicillin  on  hyaluronidase  formation  may  be  because  it  acts  on  SH-groups. 
Dufrenoy  and  Pratt  (194?)f  Pratt  and  Dufrenoy  (1946)  reported  that  penicillin 
nay  cause  a  transition  of  SH-groups  to  S-S  groups.  Also  it  is  known  that 
compounds  that  react  with  sulfhydroxyl  groups  inhibit  fnsyaes  (Slick  and 
Kaufaann  1950).  Faber  and  Rosendnl  also  reported  that  in  a  strain  of  group 
A  (Type  4)  penicillin  caused  increased  hyaluronidase  production.  Shis  is 
not  explainable  by  the  above-mentioned  mechanism. 

In  the  present  investigation  we  wanted  to  test  whether  hyaluronidase 
synthesis  is  altered  in  Staph,  aureus  strains  in  the  presence  of  sub-bacterio- 
static  doses  of  different  antibiotics.  We  used  Staph,  aureus  strains  531» 

M55,  M15,  Tr48,  Pr55,  and  662,  which  showed  a  differential  reeietance  to 
different  antibiotics  (penicillin,  streptomycin,  chloronitrin,  terranycin). 

The  etralns  were  incubated  in  dif co-bouillon  in  the  preeence  of  correeponding 
antibiotics,  as  wsll  as  controls.  Samples  were  taken  after  2,  4,  6,  8,  11, 
and  24  hours  for  turbidity  and  hyaluronidase  measurements.  The  following 
type  of  experlaents  were  ueed: 

Staph,  etraln  131  plus  0.01  IS  penicillin  per  nl;  control  no  penicillin 

•  *  M55  plus  0.01  15  penicillin  per  nl;  control  no  penicillin 

\  0.006  15  penicillin  per  nl 

a  •  K15  pin*  0.06  15  penicillin  per  nl;  control  no  penicillin 

0.50  15  penicillin  per  nl. 

*  *  Fr48  plus  10  ug  streptomycin  /  nl;  control  no  antibiotic 

15  ug  chloronitrin  /  nl. 

5  ug  terramycin  /ml. 

a  *  1*55  PlQ»  10  ug  otreptomycin/ml;  control  no  antibiotic 

15  ug  chlorontrin/ml. 

■  "  662  plue  10  ug  streptonycin/ml;  control  no  antibiotic 

5  ug  terramyc in/ml. 

The  curvet  obtained  for  hyaluronidase  for  strain  531  are  the  same  for 
all  conditions.  Growth  was  slower  in  the  presence  of  penicillin.  Strain 
H55  showed  no  difference  in  enzyme  production  in  the  presence  of  0.0115 
penlcillin/al  when  compared  to  control  (Fig.  2).  This  was  sinllar  to  what 
was  observed  with  strain  131.  With  addition  of  0.06  15  prniclllln/nl.  both 
growth  and  hyaluronidnss  formation  were  markedly  diminished.  Strain  M15  in 
the  preeence  of  0.5  15  penicillin/ml  showed  slower  growth.  Smyrna  formation 
was  also  slower,  but  reached  control  levels  after  11  hours.  Similar  results 
were  obtained  with  strains  Fr48  and  ft-55  (Tig.  3)  in  reference  to  addition 
of  chloronitrin.  Here  also  growth  and  hyaluronidase  systheele  were  slower. 

All  other  experlaents  (strain  M'r  >'>  jlus  streptomycin,  strain  1*48  plue 
streptomycin,  terranycin,  strain  o>'2  plue  streptomycin  and  terranycin)  showed 
no  difference  when  oonpared  to  t1-  ir  corresponding  controls  without  antibotlce. 

In  the  preeence  of  antibiotics,  r>m; ored  to  controls,  a  decrease  of  hyaluronidase 
synthesis-later  foraation-occurr> d.  This  is  probably  not  a  direct  effect  of 
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the  antibiotic*  on  enzyme  formation,  but  probably  an  indirect  effect  as  a 
result  of  diminished  growth.  This  conclusion  is  readily  apparent  whan  the 
hyaluronidase  curves  are  compared  to  the  growth  curve, 

3. 

In  further  studies  we  studied  hyuluronidaae  formation  of  Staph,  aureus 
as  a  result  of  infection  by  specific  bacteriophages.  We  could  find  no  re¬ 
ference  in  the  literature  about  thi3  topic. 

We  used  Staph  strain  M49  and  26  in  Difco-boulllon.  Phage  was  added 
a)  at  the  time  bacteria  were  inoculated,  b)  1.5  hours  later  after  incubating 
at  37°C»  A  third  set  received  no  phages,  only  bacteria.  Xach  flask  con¬ 
tained  20  ml  medium  (bouillon)  and  the  culture  material  was  added  until 
turbidity  was  visible.  0.5  ml  of  phage  in  the  RTD  (routine  test  dilution) 
was  added.  Incubation  was  at  37°C;  samples  were  taken  for  turbidity  and 
hyaluronidase  measurements  were  made  at  2,  3.  4,  5.  6$,  8,  and  11  hours* 

In  figures  4  and  5  the  results  are  summarized.  With  strain  M49  (Pig  4) 
the  flask  with  no  phage  added  exhibited  maximum  enzyme  formation  (viscosity 
decrease  about  6536)  at  the  end  of  the  logrithmic  growth  phase.  If  phage  80. 
was  added  growth  wps  slowed  markedly;  after  4  hours  the  lytic  events  over¬ 
came  the  cells  which  resulted  in  almost  completely  "dissolved"  the  bacteria. 
Hyaluronidase  synthesis  was  low  (viscosity  decro-is*  25$).  It  paralleled 
the  slow  growth  for  4  hours  and  after  8  hours  decreased  again.  No  Increase 
in  free  hyaluronidase  occurred  during  the  lysis  period.  If  phage  was  added 
after  1.5  hours  of  incubation,  then  growth  was  initially  heavier,  but  after 
5  hours  the  bacteria  also  became  lysed.  Hyaluronidase  reached  higher  value* 
(viscosity  decrease  55*)  but  enzyme  activity  only  increased  slightly  more 
after  6.5  hours.  After  8  hours  a  decrease  was  already  apparent. 

With  strain  26  the  same  experiment  proceeded  differently.  Little  dif¬ 
ference  was  seen  in  growth  up  to  5  hours  in  all  three  flasks.  This  probably 
corresponds  to  the  duration  of  the  log-phase  of  growth  (7lg.  5).  lysis 
occurred  rapidly  thereafter.  The  curves  for  hyaluronidase,  on  the  other 
hand,  showed  an  identical  pattern  in  all  flasks.  This  may  be  explained  in 
the  following  way:  most  enzyme  synthesis  occurrs  in  the  log-phase  of  growth, 
and  with  strain  26  lysis  occurred  only  in  the  last  third  of  this  growth  phase. 

j'rom  these  studies  we  can  conclude  that  in  early  lysis  and  the  consequent 
cessetation  of  growth  the  enzyme  formation  is  also  less,  if  lysis  occurred 
later  then  enzyme  synthesis  can  roach  control  levels.  Therefore  lysis  has 
no  effect  on  the  pattern  of  the  enzyme  curve,  further,  the  data  showed  that 
maximum  hyaluronidase  formation  takes  place  in  the  log-phase  of  growth, 
apparently  the  ensyme  does  not  accumulate  intracellularly,  because  in  that 
case  the  enzyme  activity  ehould  rise  markedly  after  lysis  of  the  cells. 
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Hyaluronidase  formation  in  th«  presence  of  hyaluronic  acid 

Several  bacteria  show a  consider  , bin  increase  in  hyaluronldaae  production 
in  the  presence  of  hyaluronic  acid.  This  stimulatory  effect  could  be  demon¬ 
strated  with  Streptococcus  (HcOlean  1941,  Rogers  1943,  Sellers  1949). 

Pneumococcus  (HcClean  1941) ,  Olos tritium  jerfringena  (KcClean  and  Hale  1941, 
Byers  1944,  Rogers  1943,  Hellmessen  1954)  Escherichia  freundii  (Brunish  and 
Mozersky  1958),  but  could  not  be  found  with  Staphylococcus  (Rogers  1945, 
Schwabacher  1945)*  The  phenomenon  is  thought  to  be  an  adaptation  to  the 
hyaluronic  acid-containing  medium  (Rogers  1945)  and  be  a  sign  that  adaptive 
enzyme  formation  was  occurring. 

In  the  present  investigations  we  tested  5  strains  of  Staph,  aureus, 

(£52,  M18,  M49,  971b,  1600),  to  see  whether  the  presence  of  hyaluronic  acid 
increased  enzyme  synthesis.  The  strains  were  .crown  in  growth  medium  which 
contained  0.2>  hyaluronic  acid  (Sobering  Co.,  Berlin),  for  24  hours.  Controls 
contained  no  hyaluronic  acid.  With  strain's  £52  and  M18  we  also  looked 
at  6,  12  as  well  as  24  hours. 

Growth  was  the  same  in  the  presence, or  absence,  of  hyaluronic  acid,  and 
enzyme  activity  was  not  altered  in  any  flasks.  We  concluded,  (confirming 
Rogers  and  Schwabacher* s  work)  that  the  addition  of  hyaluronic  acid  to  the 
growth  medium  does  not  stimulate  hyaluronidasn  formation  in  Staph,  aureus. 

Behavior  of  Hyaluronidase  in  Mixed  Cultures 

If  two  (or  more)  species  of  bacteria  are  grown  in  a  growth  medium,  a 
detrimental  influence  may  occur.  This  phenomenon,  which  may  be  observed 
in  vitro  as  well  as  in  vivo,  is  known  as  bacterial  antagonism  hnd  has  been 
studied  extensively.  This  involves  a  complex  process  which  seperates 
antagonistically-acting  substances  like  antibiotics,  certain  enzymes,  lipids, 
pigments  in  adaptive  processes,  or  into  a  different  rate  of  growth,  according 
to  Gillis8en  the  influence  of  antagonism  may  also  be  effected  through  secondary 
factors  like  limiting  food  supply,  incroajrd  metabolites,  extreme  pH  changes 
and  lack  of  oxygen.  In  Stuph.  the  antagonism  was  studied  in  reference  to 
Dlphtheria-and  Colibacteria  and  Streptococci  (see  £lek  1959).  The  opposing 
influences  on  growth  have  been  studied  most. 

We  found  no  references  in  the  literature  about  the  behavior  of  hyaluronidase 
formation  of  Staph,  in  mixed  cultures.  Thus  five  strains  of  Staph,  were 
used  (M18,  917b,  £52,  M49,  1600).  Mixed  cultures  of  these  strain*  were 
prepared  with;  Fneur.lcoccue,  Enterococcus,  hemolytic  Streptococcus,  Keisseria 
catarrhalis,  Diphtheria  (Typo  Gravis),  Coli,  Proteus,  Pyocyaneua ,  and  Staph, 
epidermldia.  The  same  concentration  of  bacteria  suspension  was  inoculated, 
with  a  pipette,  into  medium.  Aft*»r  6,  12,  and  24  hours  incubation  samples 
ware  taken  for  enzyme  and  turbidity  measurements.  The  quantity  of  Staph. 
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in  the  growth  culture  vaa  determined  by  streaming  0,1  ml  of  the  culture  on 
a  blood  agar  plate.  Controls  of  the  particular  strain  of  Staph,  were  al¬ 
ways  "run"  for  comparison;  t***  (4+)  was  growth  on  the  control  plates.  In 
the  mixed  cultures  the  corresponding  values  were  Ms ,+♦  ,*•  (3+,  2+,  +  )  cor¬ 
respondingly. 

The  results  with  the  strains  tested  were  generally  uniform.  I*or  example, 
the  results  obtained  with  Staph,  strains  1600  and  K52  are  presented  in  figures 
6  and  7. 

In  mixed  cultures  with  Staph,  epidermis,  Pneunococcus .  hemolytic  Strepto¬ 
coccus  and  Diphtheria  the  same  level  of  enzyme  was  found  as  in  the  control 
cultures  of  the  corresponding  strains  of  Stujh.  Growth  also  was  likewise  the 
same.  Proteus,  coll,  and  pyocy  neus  gave  different  results  in  the  mixed 
culture  experiments.  These  germs  had  already  largely  overcome  the  Staphylococci 
after  6  hours  of  growth.  After  24  hours  the  Staph,  were  only  present  in 
very  small  numbers  (colony  count),  dut,  hyaluronidase  formation  was  not 
suppressed  much  (M49,  1600  not  at  all;  971b,  E52,  K18  very  slightly  lowered) 
during  this  suppressed  growth.  Even  though  growth  was  greatly  curtailed 
hyaluronidase  was  still  synthesized.  Apparently  Staph,  grew  to  the  log- 
phase  period,  but  its  growth  was  subsequently  inhibited  as  a  result  of  the 
antagonistic  effect.  In  mixed  cultures  with  Neisseria  catorrhalis  two 
strains,  E$2  and  M18,  showed  the  s  ue  level  of  enzyme  as  controls  despite 
inhibited  growth.  With  strain  no  hyaluronidase  activity  was  measur fable. 

The  other  two  strains,  971b  and  If Uj,  showed  growth  inhibition  in  the  presence 
of  Neisseria  catarrhalis,  but  oti]l  formed  a  small  amount  of  enzyme.  The 
hyaluronidase  curves  in  the  mixed  eultures  with  Enterococci  also  behaved 
somewhat  differently.  Strain  141-  diejl.ac  d  the  Enterococci  completely,  so 
that  the  enzyme  activlly  was  exactly  the  3ame  as  in  controls.  With  strain 
?52  and  1600  the  Enterococci  grew  very  slightly.  Particularly  with  1600  the 
enzyme  activity  was  deminished,  however. 

In  mixed  cultures  of  Staph,  aureus  with  other  strains  of  bacteria  the 
hyaluronidase  activity  is  rather  more  variable.  This  is  dependent  on  the 
growth  intensity  of  Staph,  aureus  in  the  particular  cultures. 

It  could  be  possible  that  substances  that  net  antagonistically,  like 
end-iroducts  of  metabolism,  may  inhibit  the  formed  hyaluronidase.  Therefore, 
the  following  experiment  was  done;  eo\i,  jroteus,  and  jyocynnous  were  in¬ 
cubated  sepeartely  in  medium  for  24  hours.  This  was  then  steril-filtered 
through  glasB  filters  (Jena  G5).  The  filtrato  containing  the  corresponding 
metabolic  products  was  added  to  the  solution  (medium)  with  the  hyaluronidase 
of  strains  M16  and  S52  and  held  at  4-5°C  for  20  hours.  No  inhibition  of 
hyaluronidase  activity  was  noted  (compared  again  to  controls). 

The  low  activity  of  hyaluronidase  of  Stajh.  aureus  in  mixed  cultures 
with  coli,  proteus  and  pyocyanei.s  is  therefore  not  a  metabolite-inhibition, 
but  is  dependent  on  the  antagonistic  effect  of  these  strains  of  bacteria. 

They,  of  course,  suppress  growth  of  the  Staphylococci. 


In  the  experiments  describ'd  we  studied  the  effects  of  several  "milieu* 
factors  on  hyaluronidase  formation,  Bneteriul  growth  factors  (Nicotonie 
acid,  biotin,  thiamin)  lead  to  '  nor^.-ised  enzyme  formation  indirectly  as  a 
result  of  Increased  growth.  Antibiotics  and  phages  ensyme  synthesis  was 
shown  also  by  an  indirect  effect.  Tho  primary  effect  of  antibiotics  or 
phages  was  to  decrease  growth,  antibiotics  inhibited  growth,  phayes  lysed 
the  cells.  In  contrast  to  other  bacteria  Staph,  aureus  did  not  exhibit 
increased  hyaluronidase  activity  in  the  presence  of  hyaluronic  acid. 

The  results  support  the  conc~'t  that  staphylococci-hyaiuronldase  is 
a  constitutive  ensyme,  which  is  always  independent  of  the  substrates  in  the 
growth  medium.  It  le  not  an  adnjtive  enzyme,  which  is  synthesised  by  the 
microorganisms  because  of  a  need  (Karstroem  1930,  1938;  Leiner  1958). 
Karstroem  called  all  enzymea  which  increase  5  times  in  activity  because  of 
a  stimulus  adaptive  enzyme.  The  hyaluronidase  of  Clostridium  perfringens, 
pneumococci,  streptococci  and  £.  freundii  may  be  classified  in  this  area. 
Adaptive  stimulation  did  not  increase  hyaluronidase  formation  in  Staph, 
aureus.  Smyrna  activity  always  corresponded  to  growth  ability. 

Qyaluronldase  formation  in  mixed  cultures  whs  dependent  on  the  microbial 
antagonism.  The  enzyme  activity  was  present  if  growth  of  the  particular 
strain  of  Staph,  was  not  suppressed  completely, but  was  allowed  to  reach 
its  log  growth  phase. 


Summary 

The  investigations  on  the  influence  of  various  "milieu  factors"  on 
the  ablll ty  of  Staph,  aureus  to  form  hyaluronidase  led  to  the  conclusion 
that  bacterial  growth  substances  result  only  indirectly  through  the  promotion 
of  growth  in  an  increased  formation  of  enzyme,  while  this  can  be  reduced 
by  antibiotics  or  bacteriophages,  likewise  in  an  indirect  way  by  influencing 
growth.  In  the  presence  of  hyaluronic  acid  no  stimulation  of  hyaluronidase 
production  occurred,  and  in  mixed  cultures  it  proved  to  be  dependant  on 
the  interrelations  of  the  bacterial  antagonism. 
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Abb.  1.  Kmflud  yon  WurhmtnlTrn  «uf  dir  Hymluronid— bfldferfbhighoit  das 


Figure  1  -  The  effect  of  vitamins  on  the  ability  to  fora  hyaluronidaee 

in  Staphe  aureus*  _  .  , 

(White  -  hyaluronid.u.c  in  original  medium;  Hatched  -  hyaluronidaee 
in  medium  after  growth;  Gray  -  growth  (log  of  turbidity) 
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ohne  I’cnit-iliin. 

—  mit  ZumU  von  0,00  JB  Pcnicillin/ml  Nthrmedinm. 

-  mit  ZumU  vnn  o.oi  JK  I’onioillin/ml  NUirmadium. 

i  H  HyalurmiidiUK-k.urvo 

W  Wachawimnkurvo 

Abb.  I  XiafloA  too  Antibiotic*  auf  din  ]  [ynluramduebildung  do*  Staph,  unui  (BUnhy. 

'  lokokkonatama  M  M).  ' 

Figure  2  -  Influence  of  Antibiot.m  on  hyaluronidaee  formatioh  of  Staph 

auroue  (Strain  M55)  _  .  ,,  _ 

(Solid  line  -  without  eniclllin;  Daohed  -  plus  0.06JS  penicillin 
/ml;  Dot-Desh,  jluo  -i.t.l  JK  } onicillin/al;  H  hyaluronidaee;  W- 
growth  I  j 


W  WarJistuinnkurvo 

von  Antibiotic*  •uf  flio  HyaluronidMobildung  dn  fltinh  nir>m  (IHtrthr 
lokokkenatMim  Fr.  M). 


Figure  3  “  Influence  of  antibiotics  on  h.alnronidase  formation  of  Stftph* 
aureus  (strain  Pr.  51>) 

(Solid  line,  no  antibiotic;  Dashed,  plus  10  ug  streptomycen/ml. ; 
Dot-Dash,  plut  15  u-  chlofoni tin/ml;  H,  hyaluronldaee ;  V  growth. 


HHStd. 

■  ■  — "  —  ohnc  Ztiwilt  von  lkkloriophagni.  s£**m 

({leichM’ilii’rr  Zuiwti  <lc,  I’hagen  80. 

-  ZuhIi  tint  I'kagan  HO  1V4  8td.  nach  Beimpfong  mit  Baktarian. 

H  HyalnronkloM'kurve 
W  Wachrtumakurve 

Abb.  4.  Vartan/  dar  Hyaluronklaarliililung  iloa  Staph.  aureua  naoh  ZuaaU  von  Baktarto* 
phagon  (Htaphytokokkonatamm  M  49). 

Figure  4  -  Pattern  of  hyaluronlrtasc  foriwition  of  Staph,  aureus  (Strain  M49) 
after  addition  of  bacteriophages 

(Solid  line,  no  phage;  Dashed,  plus  phage  80;  Dot-Dash,  phage 
80  added  1*5  hours  later;  K  hyaluronidase,  W  growth. 


figure  5  -  Pattern  of  hyaluronidase  formation  of  Staph  aureus  (strain  26) 
after  adding  bacterioi hages. 

(Solid  line,  no  phage ;  Dashes,  phage  75  5  Dot-Dash,  phage  75 
added  1,5  hours  later;  H  hyaluronidase,  V  growth. 
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Staph.  niirtMM  -j  Diphthcrirhakt.  (Typ  gratia). 
Staph.  nurriih  h  folihakl. 

Staph.  aurrun  -t  Impmol.  St  rcptokokkan. 
Staph.  auroua  +  l’roteusbaklcrien. 

Staph,  auroua  t  Pyocyancmtbaktariao. 

Staph,  auroua  +  Staph,  epidennidia. 

Staph,  aureua. 

Staph,  auroua  H  Enterokokken. 
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Abb.  f.  VarbaHan  dar  Hyuluronidaaobiklung  das  Staph,  auroua  iu  Miaabkulturou  (Siaphy- 

lokokkenatamm  1600).  _ 


TiffjxB  6  -  Pattern  of  hyaluronid-tso  formation  of  Staph,  aureus  (strain 
1600}  in  aixed  cultures. 
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Abb.  7.  Yrtill-  dar  Hyaiuronidasabildunf  daa  Staph.  Hm  m  XiMhkataara*  (Maphgr- 
lokokJnaiMmm  B  M).  . 


Pigura  7  -  Pattern  of  hfaluronlduse  formation  of  Staph  aureus  (152)  la 
nixed  cultures. 

Symbols  sane  as  for  fig.  6 
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